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The Tile Calorimeter (TileCal), the central section of the hadronic calorimeter of the ATLAS experiment,
is a key detector component to detect hadrons, jets, taus and muons and to measure the missing
transverse energy. TileCal is built of steel and scintillating tiles coupled to optical ﬁbers and read out by
photomultipliers. The calorimeter is equipped with systems that allow to monitor and to calibrate each
stage of the read-out system exploiting different signal sources: laser light, charge injection and a
radioactive source. The performance of the calorimeter has been measured and monitored using
calibration data, random triggered data, cosmic muons, splash events and most importantly the
large sample of pp collision events acquired in 2011. Results on the absolute energy scale calibration
precision, on the energy and timing uniformity and on the synchronization precision are presented.
These results demonstrate that the Tile Calorimeter is performing well within the design requirements
and is giving essential input to the physics results.
& 2012 CERN. Published by Elsevier B.V. Open access under CC BY-NC-ND license1. Introduction
The ATLAS Tile Calorimeter (TileCal) [1] is the barrel hadronic
calorimeter of the ATLAS experiment [2] at the CERN Large
Hadron Collider [3]. Together with other calorimeters TileCal
provides precise energy and position measurements of hadrons,
taus, jets and the missing transverse energy. Due to the very good
muon signal to noise ratio it assists the spectrometer in the
identiﬁcation and reconstruction of muons.2. ATLAS Tile Calorimeter
TileCal is a sampling calorimeter that employs plastic scintil-
lating tiles as active material and iron as absorber. Wavelength
shifting ﬁbers collect the light generated in the tiles and carry it to
photomultipliers. TileCal is divided into three cylindrical sections
along the beam axis, one central Long Barrel (LB) and two
Extended Barrels (EB), globally covering the region of 9Z9o1:7
and consisting of four readout partitions. Each cylinder is com-
posed of 64 modules staggered in f. Radially, each module is
further segmented in three layers A, BC, D with a cell granularity
of DZ Df¼ 0:1 0:1 for the inner most (A) and middle (BC)
layers and 0.20.1 for the outermost layer (D).@cern.ch
on
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Due to the important role of TileCal in physics measurements,
it is crucial that the energy scale and the timing synchronization
are deﬁned precisely and monitored to be kept within the design
expectations. In this section performance results using splash
events, cosmic muon data and pp collision data are presented.
3.1. TileCal cell timing
Inter-calibration between partitions and cells was performed
in 2010 using single-beam splash events. In such events, protons
from the beam hit collimators placed at 140 m upstream the
nominal interaction point. This produces a very large number of
particles reaching the detector almost simultaneously and paral-
lel to the beam axis. Signals coming from a splash event are
correlated in time, allowing for checking the synchronization of
TileCal cells.
Fig. 1 shows the cell timing as a function of the z-coordinate of
the cells, along the beam axis, after correction for various effects.
The results for the three different layers show that all cells are
synchronized within 1 ns.
3.2. Cell response uniformity
Cosmic muons depositing energy in TileCal are used to provide
information on the EM scale calibration and uniformity across
cells. The estimator for the muon response is the truncated mean
of dE=dx, deﬁned as the mean after 1% of the events in the high-
energy tail of the distribution are removed. license.
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mean of dE=dx as a function of the Z (left) and the f (right) cell
coordinate for the middle layer. In both cases, the response
uniformity is ﬂat and uniform within 3% for almost all points
and present a good agreement between data and Monte Carlo
(MC). The large statistical uncertainties at higher pseudorapidity
values in the Extended Barrels are due to more reduced coverage
for cosmic ray muons than in the central region. The gap in the
region around f¼ 0 corresponds to horizontal modules poorly
populated by muons passing through the Inner Detector.Fig. 3. TileCal cell resolution with pp collision data with high luminosity
environment at 7 TeV.3.3. Performance in pp collisions
The LHC is providing stable proton beams since 2009 and
currently it operates at 8 TeV. The TileCal performance has been
evaluated in pp collision data and in this section the achieved
time resolution and the response from single hadrons are pre-
sented. A cell time resolution of the order of a few ns is required
in order to tag out-of-time energy deposits e.g. from slow heavy
particles.
Fig. 3 shows the cell time resolution as a function of cell energy
for muons and jets using 2011 collision data at center-of-mass
energy of 7 TeV and high luminosity (50 ns of bunch spacing). The
resolution decreases at higher energies and it is below 1 ns above
3 GeV for muons and jets.
The calorimeter response to single pions has been also studied.
Isolated tracks in the Inner Detector with momentum p43 GeVFig. 1. TileCal cell synchronization as a function of the cell coordinate along the
beam axis. Results are shown for the three layers after corrections for particles’
time-of-ﬂight and readout WLS ﬁber length.
Fig. 2. Cell energy uniformity using cosmic muon rays. The TileCal cell energy is unifo
Data (open symbols) are well reproduced by the simulation (closed symbols).were required to deposit little energy in the electromagnetic
calorimeter in front of TileCal. This is consistent with minimum
ionizing particles releasing the largest fraction of their energy E
showering in the hadronic section.rm within 3% (dashed lines) both in Z and f coordinates inside each radial layers.
Fig. 4. E=p ratio as a function of Z for 2010 pp collision data (black circles)
compared to Monte Carlo (red circles). (For interpretation of the references to
color in this ﬁgure caption, the reader is referred to the web version of this article.)
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for 2010 data. Comparison between data and MC predictions, as
tuned from beam test single pion data, shows an agreement at the
level of a few percent.4. Conclusions
The ﬁrst years of data taking at the LHC demonstrate the good
performance of the ATLAS Tile Calorimeter. The calibration sys-
tems ensure the time stability and the energy uniformity of
the calorimeter, the time synchronization between cells being
well within 1 ns and the energy response uniform in Z and fcoordinates within 3%. The single particle response using cosmic
muons and hadrons from collisions shows a very good agreement
with MC predictions. The performance analyzed with pp collision
data demonstrates a very good cell timing resolution for muons
and jets for a wide range of deposited energy.References
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